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Technical Field 

The invention relates to apparatus and methods for optical detection. More 
particularly, the invention relates to apparatus and methods for combining multiple 
modes and methods of optical detection, postprocessing, and/or feedback loops in 
5 bioanalytical measurements. 

Background of the Invention 

The number of bioanalytical measurements performed in life science research is 
increasing dramatically. This increase is driven in part by advances in genomics and 
^ combinatorial chemistry, which have increased both the number of biological targets and 
mJO the number of compounds for screening them. This increase also is driven in part by 
5 advances in assay technologies, especially relating to DNA interactions, protein and 
1"" peptide interactions, and cell-based assays, which have pushed the number of 
y* bioanalytical measurements from hundreds in standard 96-well microplates to millions in 
;rf even higher-density microplates . 

s 

"15 The cost of bioanalytical measurements is roughly proportional to the amount of 

reagent consumed and to the time spent preparing the reagents, performing the 
measurements, and analyzing the data. To reduce cost in these measurements, researchers 
are adopting homogeneous assays and miniaturizing assay volumes. Homogeneous (i.e., 
"mix and measure") assays generally do not involve filtration steps, which add to the 
20 complexity and cost of the measurements. Miniaturizing assay volumes (i.e., 
miniaturization) generally involves a decrease in assay volume (typically from about 100- 



2 



200 DL to about 1-10 DL) and/or an increase in microplate well density (typically from 
96-well formats to 384, 864, 1536, 3456, or denser formats). 

Although miniaturization can be an effective cost reduction strategy, smaller 
sample sizes and larger numbers of measurements generally require larger numbers of 
secondary measurements to validate the results of the primary measurements. Ideally, the 
primary measurements should not require secondary analysis; however, false positives 
must be identified and eliminated. In addition, it is desirable to reduce the frequency of 
false negatives because these constitute lost information. For example, in the high- 
throughput screening typically carried out in drug discovery operations, false positives 
must be identified and eliminated in secondary operations because, by definition, they 
will not lead to a viable drug. Additionally, false negatives result in an inability to collect 
information from the affected library compounds. 

Summary of the Invention 

The invention provides apparatus and methods for combining multiple modes and 
methods of optical detection, postprocessing, and/or feedback loops in bioanalytical 
measurements. 

Brief Description of Accompanying Materials 

Figure 1 is a flowchart showing how aspects of the invention may be used and/or 
combined to combine modes, methods, postprocessing, and feedback loops in optical 
detection. 

Figure 2 is a schematic view of a typical absorbance experiment. 



Figure 3 is a schematic view of luminescently labeled molecules, showing how 
molecular reorientation affects luminescence polarization. 

Figure 4 is a schematic view of a frequency-domain time-resolved measurement, 
showing the definitions of phase angle (phase) <|> and demodulation factor (modulation) 
5 M. 

Figure 5 is a partially exploded perspective view of a system for analyzing 
compositions in accordance with aspects of the invention, showing a transport module 
and an analysis module. 

S Figure 6 is a schematic view of an optical system from the analysis module of 

Jo Figure 5. 

Q Figure 7 is a partially schematic perspective view of the apparatus of Figure 6. 

Figure 8 is a schematic view of photoluminescence optical components from the 
apparatus of Figure 6. 

O Figure 9 is a schematic view of chemiluminescence optical components from the 

H 5 apparatus of Figure 6 . 

Detailed Description of the Invention 

The invention provides apparatus and methods for performing and/or combining 
multiple modes and methods of optical detection, postprocessing, and/or feedback loops 
in bioanalytical measurements. These apparatus and methods may involve multi-mode 
20 instruments and a plurality of optical measurement modes. The apparatus and methods 
may be used to identify and/or correct for measurement errors, reducing the frequency of 
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false positives and false negatives. The apparatus and methods also may be used to 
enable new assays. 

Suitable multi-mode instruments and optical measurement modes are described in 
subsequent sections and in the patents and patent applications incorporated herein by 
reference, particularly U.S. Provisional Patent Application Serial No. 60/164,633, filed 
November 10, 2000. Suitable instruments include point-reading (e.g., PMT-based) and 
image-reading (e.g., CCD-based) optical devices. Suitable modes include generally 
include any mode or method for performing an optical measurement, including 
photoluminescence, chemiluminescence, absorption, and scattering, among others. These 
modes include time-resolved and steady-state photoluminescence, including lifetime, 
intensity, polarization, energy transfer, and total internal reflection. These modes also 
include trans-absorption, epi-absorption, and trans-flectance. These modes also may 
include collecting an excitation and/or emission spectrum, for example, by scanning the 
excitation and/or emission wavelength while holding the other wavelength fixed. Suitable 
methods include all possible variations in optics and instrument settings to execute these 
modes and to improve signal detection, including FLARe™ methods of utilizing lamp 
modulation frequency and phase-and-modulation data to recover signal and suppress 
background. 

The invention may involve use of two or more different optical measurement 
modes. Here, modes may be regarded as different if (1) each involves detecting a 
different property of light (e.g., intensity, polarization, etc.), and/or (2) each involves 
detecting light created by a different mechanism (e.g., photoluminescence, 



chemiluminescence, etc.), and/or (3) each involves detecting light modified by a different 
mechanism (e.g., absorption, scattering, etc.). Multiple measurements performed using a 
single method are not regarded as multiple modes, for example, measurements made at 
two different polarizer settings in a polarization assay, or measurements made at two 
different wavelengths in an energy-transfer or ratio-imaging assay, or measurements 
made using the same settings to obtain error statistics. 

The invention permits the use of multiple detection modes and methods during one 
or more measurement cycles. For example, a set of methods can be performed on a 
microplate on a per-well, per-row, per-column, or per-plate basis. Postprocessing can be 
performed after the results of the first method are collected. One or more additional 
methods can be subsequently performed based on the results of each successive 
measurement. Additionally, each measurement or group of measurements can be 
analyzed in real time, and actions can be initiated based on the analysis of the data. For 
example, the mean and standard deviation of the fluorescence intensity can be determined 
for a population of samples or alternatively supplied as input by the user. A 
postprocessing operation can compare the data obtained from the samples to an 
acceptable window (or, equivalently, to an unacceptable window), for example, by using 
a database or look-up table. If the value is too high, a fluorescent contaminant may be 
present. If the value is too low, a pipetting error may have occurred such that a bubble is 
present in the well or a reagent is missing. Once it is determined that data values are out 
of range, a decision can be made automatically to alert a human operator (e.g., to conduct 



a visual examination) or to perform a pre-programmed task (e.g., such as halting 
operation of the instrument or system in which it is contained). 

Figure 1 is a flowchart showing more generally how different aspects of the 
invention may be used and/or combined to combine modes, methods, postprocessing, and 
feedback loops, and to enable some special functions. For example, information from a 
first method (Method 1) could be postprocessed, and a decision could be made to halt 
Method 1 or to re-measure or correct new data points using Method 1 or another method. 
Information from a second method (Method 2) could be used to detect a problem in 
Method 1, or vice-versa. For example, Method 2 could be a measurement of the 
fluorescence intensity of a critical reagent that has been colored with a fluorescent tag, 
such that a signal that is too high or too low in Method 2 could indicate a pipetting failure 
that adversely affects Method 1. Another application might be to have two or more 
targets in each well, such that each target is probed by a different assay and a different 
method. Another application might be to use a first method to obtain predicate 
information for a second method, such as using absorption at a first (e.g., infrared) 
wavelength to determine wavelength to determine path length before doing a 
measurement to determine an extinction coefficient. 

Generally, optical measurements can be combined in various ways to detect (and 
sometimes also to correct) errors or interferences in assays, including those designed to 
screen samples (library compounds or natural products) in drug discovery. Some sources 
of interference are inherent to the sample, including optical absorption (also called "color 
quenching"), fluorescence, light scattering, static or dynamic quenching of fluorescent 
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label, and enhancement of the label's fluorescence. Other interferences result from the 
properties of the assay in a particular sample holder; examples include air bubbles, 
meniscus irregularities, pipetting failure, and imperfections in the holder. 

Combining non-luminescence and other methods can be useful For example, 
5 combining an absorption measurement with a luminescence-intensity measurement 
permits the detection of color quenching and/or the presence of a contaminant. Likewise, 
combining a light-scattering measurement with a measurement made in another mode 
permits the detection of interferences due to turbidity in the assay well. In these cases, it 
O is possible to go beyond detection to correction of the interference, by using the 
jo secondary measurement to construct a theoretically or empirically based correction factor 
Q for the primary measurement. 

^ Combining fluorescence-polarization and fluorescence-intensity measurements 

L can also be useful. Background fluorescence, especially sample fluorescence, interferes 
O with fluorescence polarization measurements: the polarization is an intensity- weighted 
l3 L5 average of signal and background polarizations, which generally have different values. 
The overall fluorescence intensity of a sample is proportional to the sum of the intensity 
detected with parallel polarizers and twice the intensity detected with perpendicular 
polarizers. Hence, it is possible to synthesize the overall fluorescence intensity from the 
components of a fluorescence-polarization measurement. If this intensity is higher than 
20 control values in wells without sample, the sample must be contributing background 
fluorescence, and the fluorescence-polarization measurement is suspect. 
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For fluorescence-intensity assays, interfering background fluorescence is unlikely 
to have the same spectral and lifetime characteristics as the label. In the presence of such 
background, an additional measurement at a different excitation or emission wavelength 
somewhat different from that of the main measurement would reveal behavior different 
from that obtained with only the label present. Likewise, the wavelengths could be kept 
constant, but the lifetime could be probed differently (different integration time-window 
in the time domain, or different modulation frequency in the frequency domain). 

A fluorescence-intensity measurement can be supplemented with a lifetime 
measurement to detect dynamic quenching, which is attended by a decrease in lifetime. 

These examples illustrate, without limitation, the general principle that adding a 
secondary measurement to an assay method can be used to detect the presence of 
interferences, independently of whether the method combines the results of the two 
measurements to yield an assay that has improved rejection of interference. Further 
aspects of the invention are described without limitation in the following sections: (1) 
optical measurement modes, (2) multi-mode instruments, and (3) selected examples. 

A. Optical Measurement Modes 

Optical assays typically involve the study of matter using electromagnetic 
radiation. These assays can be divided into three broad modes or categories-absorbance, 
scattering/reflectance, and luminescence-each of which can be further divided into 
additional modes. Absorbance assays involve relating the amount of incident light that is 
absorbed by a sample to the type and number of molecules in the sample. Absorbance 
assays are a powerful method for determining the presence and concentration of an 



analyte in a sample. Most commonly, absorbance is measured indirectly by studying the 
portion of incident light that is transmitted by the sample. Scattering assays are similar to 
absorbance assays, in that the measurement is based on the amount of incident light that 
emerges or is transmitted from the sample. However, in the case of scattering, the signal 
increases with the number of interactions, whereas, in the case of absorbance, the signal 
decreases (inversely) with the number of interactions. Luminescence assays involve 
electromagnetic emissions from a sample other than the incident light. In each mode, the 
measurements may be broad spectrum or wavelength-specific, depending on the 
particular mode. 
1. Absorption Assays 

Absorption generally comprises the absorption of electromagnetic radiation by one 
or more components of a composition. Figure 1 shows a schematic view of a typical 
absorption experiment, in which incident light is directed from a light source through a 
composition (and an associated holder), and transmitted light is measured using a 
detector. Absorption also can be measured using other optical arrangements, such as 
"epi-absorption," as described in PCT Patent Application Serial No. PCT/US99/16621, 
filed July 23, 1999, which is incorporated herein by reference. The amount of light 
absorbed in passing through a composition can be used to determine the identity, 
concentration, and electronic energy levels of components of the composition, among 
other properties. 
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The amount of light absorbed by a sample in an absorption experiment generally is 
described by the Beer-Lambert law: 



Absorbance = -log 



= <A)cl (1) 



The Beer-Lambert law states that when light of wavelength A,e passes through an 
5 absorbing sample, its intensity, I, decreases exponentially. Here, I 0 (^) is the intensity of 
the incident light at wavelength X, l(X) is the intensity of the transmitted light, s(A,) is the 
decadic molar extinction coefficient, c is the concentration of absorbing molecules, and 1 

3 is the path length. The quantity -log(I/I 0 ) is termed the absorbance and is the logarithm of 

4 the reciprocal of the fraction of transmitted light. Equation 1 shows that absorbance can 
310 be increased by increasing the path length and/or the concentration of absorbing 
* molecules. Generally, absorbance measurements are most accurate when the absorbance 
7 is in the range 0.1 - 2.0, corresponding to absorption of about 20-99% of the incident 
3 light. 

■""5 

3 2. Scattering Assays 

15 Scattering generally comprises the dispersal of electromagnetic radiation into a 

range of directions due to physical interactions of the radiation with a composition. 
Scattering assays can be used to detect the motion, size, concentration, and aggregation 
state of molecules or other scatterers in a sample, among other properties. For example, 
by observing the spectral spread of scattered light, the average velocity of scatterers can 

20 be determined. By observing the intensity of scattered light, the concentration of 
scatterers can be measured. By observing the angular distribution of scattered light, 
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various physical characteristics of scatterers can be deduced. Here, the term "scattering 
sources" describes any molecule, particle, or other object capable of scattering radiation, 
individually and/or in aggregate. 
3. Luminescence Assays 

Luminescence is the emission of light from excited electronic states of atoms or 
molecules. Luminescence generally refers to all kinds of light emission, except 
incandescence, and may include photoluminescence, chemiluminescence, and 
electrochemiluminescence, among others. In photoluminescence, including fluorescence 
and phosphorescence, the excited electronic state is created by the absorption of 
electromagnetic radiation. In chemiluminescence, which includes bioluminescence, the 
excited electronic state is created by a transfer of chemical energy. In 
electrochemiluminescence, the excited electronic state is created by an electrochemical 
process. 

Luminescence assays are assays that use luminescence emissions from 
luminescent analytes to study the properties and environment of the analyte, as well as 
binding reactions and enzymatic activities involving the analyte, among others. In this 
sense, the analyte may act as a reporter to provide information about another material or 
target substance that may be the focus of the assay. Luminescence assays may use 
various aspects of the luminescence, including its intensity, polarization, and lifetime, 
among others. Luminescence assays also may use time-independent (steady-state) and/or 
time-dependent (time-resolved) properties of the luminescence. Steady-state assays 
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generally are less complicated than time-resolved assays, but generally yield less 
information. 

Luminescence assays may be conducted using a variety of measurement modes, 
including chemiluminescence, fluorescence intensity (FLINT), fluorescence polarization 
(FP), fluorescence resonance energy transfer (FRET), fluorescence lifetime (FLT), total 
internal reflection fluorescence (TIRF), fluorescence correlation spectroscopy (FCS), and 
fluorescence recovery after photobleaching (FRAP), as well as their phosphorescence and 
higher-transition analogs, among others. 

The remainder of this section describes without limitation four exemplary 
luminescence measurement modes: (a) intensity modes, (b) polarization modes, (c) 
energy transfer modes, and (d) steady-state and time-resolved modes. 

a. Intensity Modes 

Luminescence intensity assays involve monitoring the intensity (or amount) of 
light emitted from a composition. The intensity of emitted light will depend on the 
extinction coefficient, quantum yield, and number of the luminophores in the 
composition, among others. These quantities, in turn, will depend on the environment of 
the luminophore, among others, including the proximity and efficacy of quenchers and 
energy transfer partners. Thus, luminescence intensity assays may be used to study 
binding reactions, among other applications. 

b. Polarization Modes 

Luminescence polarization assays involve monitoring the intensity of polarized 
light emitted from a composition. (Polarization describes the direction of light's electric 
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field, which generally is perpendicular to the direction of light's propagation.) 
Polarization assays typically are used to study molecular rotation and phenomena such as 
binding that affect rotation. Polarization assays may be homogeneous and ratiometric, 
making them relatively insensitive to sample-to-sample variations in concentration, 
volume, and meniscus shape. 

Figure 2 is a schematic view showing how luminescence polarization is affected 
by molecular rotation. In a luminescence polarization assay, specific molecules 65 within 
a composition 66 are labeled with one or more luminophores. The composition then is 
illuminated with polarized excitation light, which preferentially excites luminophores 
having absorption dipoles aligned parallel to the polarization of the excitation light. 
These molecules subsequently decay by preferentially emitting light polarized parallel to 
their emission dipoles. The extent of polarization of the total emitted light depends on the 
extent of molecular reorientation during the time interval between luminescence 
excitation and emission, which is termed the luminescence lifetime, r. In turn, the extent 
of molecular reorientation depends on the luminescence lifetime and the size, shape, and 
environment of the reorienting molecule. Thus, luminescence polarization assays can be 
used to quantify binding/hybridization reactions and enzymatic activity, among other 
applications. In particular, molecules commonly rotate via diffusion with a rotational 
correlation time r rot that is proportional to their size. Thus, during their luminescence 
lifetime, relatively large molecules will not reorient significantly, so that their total 
luminescence will be relatively polarized. In contrast, during the same time interval, 
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relatively small molecules will reorient significantly, so that their total luminescence will 

be relatively unpolarized. 

The relationship between polarization and intensity is expressed by the following 

equation: 

P JjrI± (i) 

Here, P is the polarization, is the intensity of luminescence polarized parallel to the 
polarization of the excitation light, and I L is the intensity of luminescence polarized 
perpendicular to the polarization of the excitation light. P generally varies from zero to 
one-half for randomly oriented molecules (and zero to one for aligned molecules). If 
there is little rotation between excitation and emission, 7j| will be relatively large, h will 
be relatively small, and P will be close to one-half. (P may be less than one-half even if 
there is no rotation; for example, P will be less than one-half if the absorption and 
emission dipoles are not parallel.) In contrast, if there is significant rotation between 
absorption and emission, /„ will be comparable to I ± , and P will be close to zero. 
Polarization often is reported in milli-P (mP) units (lOOOxP), which for randomly 
oriented molecules will range between 0 and 500, because P will range between zero and 
one-half. 
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Polarization also may be described using other equivalent quantities, such as 
anisotropy. The relationship between anisotropy and intensity is expressed by the 
following equation: 

Here, r is the anisotropy. Polarization and anisotropy include the same information, 
although anisotropy may be more simply expressed for systems containing more than one 
luminophore. In the description and claims that follow, these terms may be used 
interchangeably, and a generic reference to one implies a generic reference to the other. 

The relationship between polarization, luminescence lifetime, and rotational 
correlation time is expressed by the Perrin equation: 

1 1 



f \ n r 1 lK 

1 + 

V T rot J 



(3) 



Here, P 0 is the polarization in the absence of molecular motion (intrinsic polarization), t 
is the luminescence lifetime (inverse decay rate), and r rot is the rotational correlation time 
(inverse rotational rate). 

The Perrin equation shows that luminescence polarization assays are most 
sensitive when the luminescence lifetime and the rotational correlation time are similar. 
Rotational correlation time is proportional to molecular weight, increasing by about 1 
nanosecond for each 2,400 Dalton increase in molecular weight (for a spherical 
molecule). For shorter lifetime luminophores, such as fluorescein, which has a 
luminescence lifetime of roughly 4 nanoseconds, luminescence polarization assays are 
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most sensitive for molecular weights less than about 40,000 Daltons. For longer lifetime 
probes, such as Ru(bpy) 2 dcbpy (ruthenium 2,2 f -dibipyridyl 4,4 r -dicarboxyl-2,2'- 
bipyridine), which has a lifetime of roughly 400 nanoseconds, luminescence polarization 
assays are most sensitive for molecular weights between about 70,000 Daltons and 
4,000,000 Daltons. 
c. Energy Transfer Modes 

Energy transfer is the transfer of luminescence energy from a donor luminophore 
to an acceptor without emission by the donor. In energy transfer assays, a donor 
luminophore is excited from a ground state into an excited state by absorption of a 
photon. If the donor luminophore is sufficiently close to an acceptor, excited-state energy 
may be transferred from the donor to the acceptor, causing donor luminescence to 
decrease and acceptor luminescence to increase (if the acceptor is luminescent). The 
efficiency of this transfer is very sensitive to the separation R between donor and 
acceptor, decaying as 1/R" 6 . Energy transfer assays use energy transfer to monitor the 
proximity of donor and acceptor, which in turn may be used to monitor the presence or 
activity of an analyte, among others. 

Energy transfer assays may focus on an increase in energy transfer as donor and 
acceptor are brought into proximity. These assays may be used to monitor binding, as 
between two molecules X and Y to form a complex X : Y. Here, colon (:) represents a 
noncovalent interaction. In these assays, one molecule is labeled with a donor D, and the 
other molecule is labeled with an acceptor A, such that the interaction between X and Y 
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is not altered appreciably. Independently, D and A may be covalently attached to X and 
Y, or covalently attached to binding partners of X and Y. 

Energy transfer assays also may focus on a decrease in energy transfer as donor 
and acceptor are separated. These assays may be used to monitor cleavage, as by 
hydrolytic digestion of doubly labeled substrates (peptides, nucleic acids). In one 
application, two portions of a polypeptide are labeled with D and A, so that cleavage of 
the polypeptide by a protease such as an endopeptidase will separate D and A and thereby 
reduce energy transfer. In another application, two portions of a nucleic acid are labeled 
with D and A, so that cleave by a nuclease such as a restriction eirzyme will separate D 
and A and thereby reduce energy transfer. 

Energy transfer between D and A may be monitored in various ways. For 
example, energy transfer may be monitored by observing an energy-transfer induced 
decrease in the emission intensity of D and increase in the emission intensity of A (if A is 
a luminophore). Energy transfer also may be monitored by observing an energy-transfer 
induced decrease in the lifetime of D and increase in the apparent lifetime of A. 

In a preferred mode, a long-lifetime luminophore is used as a donor, and a short- 
lifetime luminophore is used as an acceptor. Suitable long-lifetime luminophores include 
metal-ligand complexes containing ruthenium, osmium, etc., and lanthanide chelates 
containing europium, terbium, etc. In time-gated assays, the donor is excited using a flash 
of light having a wavelength near the excitation maximum of D. Next, there is a brief 
wait, so that electronic transients and/or short-lifetime background luminescence can 
decay. Finally, donor and/or acceptor luminescence intensity is detected and integrated. 
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In frequency-domain assays, the donor is excited using time-modulated light, and the 
phase and/or modulation of the donor and/or acceptor emission is monitored relative to 
the phase and/or modulation of the excitation light. In both assays, donor luminescence is 
reduced if there is energy transfer, and acceptor luminescence is observed only if there is 
energy transfer. 

d. Steady-State and Time-Resolved Modes 

Luminescence assays can be performed using steady-state and time-resolved 
modes. Apparatus 70, 90, and 160 may be used to conduct a variety of steady-state and 
time-resolved luminescence assays. Steady-state assays measure luminescence under 
constant illumination, typically using a continuous light source. Time-resolved assays 
measure luminescence as a function of time, typically using either a continuous light 
source, with its intensity appropriately modulated, or a time-varying light source. Time- 
resolved assays may be conducted in the time domain or in the frequency domain, both of 
which are functionally equivalent. 

In a time-domain measurement, the time course of luminescence is monitored 
directly. Typically, a composition containing a luminescent analyte is illuminated using a 
narrow pulse of light, and the time dependence of the intensity of the resulting 
luminescence emission is observed, although other protocols also may be used. For a 
simple molecule, the luminescence commonly follows a single-exponential decay. 

In a frequency-domain measurement, the time course of luminescence is 
monitored indirectly, in frequency space. Typically, the composition is illuminated using 
light whose intensity is modulated sinusoidally at a single modulation frequency /, 
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although other protocols (such as transforming time-domain data into the frequency 
domain) also may be used. The intensity of the resulting luminescence emission is 
modulated at the same frequency as the excitation light. However, the emission will lag 
the excitation by a phase angle (phase) $ 9 and the intensity of the emission will be 
demodulated relative to the intensity of the excitation by a demodulation factor 
(modulation) M. 

Figure 3 shows the relationship between emission and excitation in a single- 
frequency frequency-domain experiment. The phase <j> is the phase difference between the 
excitation and emission. The modulation M is the ratio of the AC amplitude to the DC 
offset for the emission, relative to the ratio of the AC amplitude to the DC offset for the 
excitation. The phase and modulation are related to the luminescence lifetime □ by the 
following equations: 



Here o) is the angular modulation frequency, which equals 2n times the modulation 
frequency. For maximum sensitivity, the angular modulation frequency should be 
roughly the inverse of the luminescence lifetime. Lifetimes of interest in high-throughput 
screening vary from less than 1 nanosecond to greater than 1 millisecond. Therefore, 
instruments for high-throughput screening should be able to handle modulation 
frequencies from less than about 200 Hz to greater than about 200 MHz. 



cor = tan(^) 



(4) 




(5) 
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B. Multi-Mode Instrument 

A multi-mode instrument generally comprises any instrument capable of use in 
two or more optical measurement modes, such as absorption, luminescence, and/or 
scattering, and variants thereof. Such use may include analyzing a composition, including 
qualitative analysis (to determine the nature of the composition and/or its components) 
and/or quantitative analysis (to determine the amount, relative proportions, and/or activity 
of the composition and/or its components). 

Figure 4 shows a multimode instrument 50 having an optional transport module 52 
for sample ingress and egress and an analysis module 54 for detecting and analyzing light 
in two or more optical modes. The transport module includes I/O sites 56, a transfer site 
58, and mechanisms (not visible) for transporting sample holders between the I/O and 
transfer sites, as described above. The analysis module includes a housing 60, a moveable 
control unit 62, an optical system (not visible), and a transport mechanism 64. The 
housing may be used to enclose the analysis module, protecting the user and the 
components of the module. The control unit may be used to operate the module manually 
and/or robotically, as described in U.S. Patent No. 6,025,985, which is incorporated 
herein by reference. 

Figures 5-8 show details of the optical system 90 (and related components) of 
instrument 50. The optical system may include components for generating and/or 
detecting light, and for transmitting light to and/or from a composition. These 
components may include (1) a stage for supporting the composition, (2) one or more light 
sources for delivering light to the composition, (3) one or more detectors for receiving 
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light transmitted from the composition and converting it to a signal, (4) first and second 
optical relay structures for relaying light between the light source, composition, and 
detector, and/or (5) a processor for analyzing the signal from the detector. Module 
components may be chosen to optimize speed, sensitivity, and/or dynamic range for one 
5 or more assay modes. For example, optical components with low intrinsic luminescence 
may be used to enhance sensitivity in luminescence assay modes by reducing 
background. Module components also may be shared by different assay modes, or 
dedicated to particular assay modes. For example, steady-state photoluminescence assay 
O modes may use a continuous light source, time-resolved photoluminescence assay modes 
"ft may use a time-varying light source, and chemiluminescence assay modes may not use a 
H light source. Similarly, steady-state and time-resolved photoluminescence assay modes 

•as? ? 

H* may both use a first detector, and chemiluminescence assay modes may use a second 
f* detector. 

□ Optical system 90 includes (a) a photoluminescence optical system, and (b) a 

05 chemiluminescence optical system, as described below. Further aspects of the optical 
system are described in the following patent applications, which are incorporated herein 
by reference: U.S. Patent Application Serial No. 09/160,533, filed September 24, 1998; 
U.S. Patent Application Serial No. 09/349,733, filed July 8, 1999; PCT Patent 
Application Serial No. PCT/US99/16287, filed July 26, 1999; and PCT Patent 
20 Application Serial No. PCT/US00/04543, filed February 22, 2000. 
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1. Incident-Light-Based Optical System 

Figures 5-7 show the incident light-based (or photoluminescence) optical system 
of optical system 90. As configured here, optical system 90 includes a continuous light 
source 100 and a time-modulated light source 102. Optical system 90 includes light 
source slots 103a-d for four light sources, although other numbers of light source slots 
and light sources also could be provided. Light source slots 103a-d function as housings 
that may surround at least a portion of each light source, providing some protection from 
radiation and explosion. The direction of light transmission through the incident light- 
based optical system is indicated by arrows. 

Continuous source 100 provides light for absorbance, scattering, 
photoluminescence intensity, and steady-state photoluminescence polarization assay 
modes, among others. The continuous light source may include arc lamps, incandescent 
lamps, fluorescent lamps, electroluminescent devices, lasers, laser diodes, and light- 
emitting diodes (LEDs), among others. An exemplary continuous source is a high- 
intensity, high color temperature xenon arc lamp, such as a Model LX175F CERMAX 
xenon lamp from ILC Technology, Inc. Color temperature is the absolute temperature in 
Kelvin at which a blackbody radiator must be operated to have a chromaticity equal to 
that of the light source. A high color temperature lamp produces more light than a low 
color temperature lamp, and it may have a maximum output shifted toward or into visible 
wavelengths and ultraviolet wavelengths where many luminophores absorb. The 
preferred continuous source has a color temperature of 5600 Kelvin, greatly exceeding 
the color temperature of about 3000 Kelvin for a tungsten filament source. The preferred 
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source provides more light per unit time than flash sources, averaged over the flash 
source duty cycle, increasing sensitivity and reducing read times. Optical system 90 may 
include a modulator mechanism configured to vary the intensity of light incident on the 
composition without varying the intensity of light produced by the light source. Further 
aspects of the continuous light source are described in U.S. Patent Application Serial No. 
09/349,733, filed July 8, 1999, which is incorporated herein by reference. 

Time-modulated source 102 provides light for time-resolved absorbance and/or 
photoluminescence assay modes, such as photoluminescence lifetime and time-resolved 
photoluminescence polarization assays. The time-modulated light source may include 
flash lamps, pulsed lasers, electronically modulated lasers and LEDs, and continuous 
lamps and other sources whose intensity can be modulated extrinsically using a Pockels 
cell, Kerr cell, or other mechanism. An exemplary time-modulated source includes a 
xenon flash lamp, such as a Model FX- 11 60 xenon flash lamp from EG&G Electro- 
Optics, as described in U.S. Patent Application Serial No. 09/349,733, filed July 8, 1999, 
which is incorporated herein by reference. Another exemplary time-modulated source 
includes a pulsed YAG laser in combination with an optical parametric oscillator (OPO), 
as described in U.S. Provisional Patent Application Serial No. 60/244,012, filed October 
27, 2000, which is incorporated herein by reference. The exemplary sources produce a 
"flash" or "pulse" of light for a brief interval before signal detection and are especially 
well suited for time-domain measurements. Extrinsically modulated continuous light 
sources are especially well suited for frequency-domain measurements. An exemplary 
external modulator includes an amplitude modulator such as a chopper, as described in 
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PCT Patent Application Serial No. PCT/US99/16287, filed July 26, 1999, which is 
incorporated herein by reference. 

In optical system 90, continuous source 100 and time-modulated source 102 
produce multichromatic, unpolarized, and incoherent light. Continuous source 100 
produces substantially continuous illumination, whereas time-modulated source 102 
produces time-modulated illumination. Light from these light sources may be delivered to 
the composition without modification, or it may be filtered to alter its intensity, spectrum, 
polarization, or other properties. 

Light produced by the light sources follows an excitation optical path to an 
examination site or measurement region. Such light may pass through one or more 
"spectral filters," which generally comprise any mechanism for altering the spectrum of 
light that is delivered to the composition. Spectrum refers to the wavelength composition 
of light. A spectral filter may be used to convert white or multichromatic light, which 
includes light of many colors, into red, blue, green, or other substantially monochromatic 
light, which includes light of one or only a few colors. In optical system 90, spectrum is 
altered by an excitation interference filter 104, which preferentially transmits light of 
preselected wavelengths and preferentially absorbs light of other wavelengths. For 
convenience, excitation interference filters 104 may be housed in an excitation filter 
wheel 106, which allows the spectrum of excitation light to be changed by rotating a 
preselected filter into the optical path. Spectral filters also may separate light spatially by 
wavelength. Examples include gratings, monochromators, and prisms. 
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Spectral filters are not required for monochromatic ("single color") light sources, 
such as certain lasers, which output light of only a single wavelength. Therefore, 
excitation filter wheel 106 may be mounted in the optical path of some light source slots 
103a,b, but not other light source slots 103c,d. Alternatively, the filter wheel may include 
a blank station that does not affect light passage. 

Light next passes through an excitation optical shuttle (or switch) 108, which 
positions an excitation fiber optic cable 110a,b in front of the appropriate light source to 
deliver light to top or bottom optics heads 112a,b, respectively. Light is transmitted 
through a fiber optic cable much like water is transmitted through a garden hose. Fiber 
optic cables can be used easily to turn light around corners and to route light around 
opaque components of the apparatus. Moreover, fiber optic cables give the light a more 
uniform intensity profile. A preferred fiber optic cable is a fused silicon bundle, which 
has low autoluminescence. Despite these advantages, light also can be delivered to the 
optics heads using other mechanisms, such as mirrors. 

Light arriving at the optics head may pass through one or more excitation 
"polarization filters," which generally comprise any mechanism for altering the 
polarization of light. Excitation polarization filters may be included with the top and/or 
bottom optics head. In optical system 90, polarization is altered by excitation polarizers 
114, which are included only with top optics head 112a for top reading; however, such 
polarizers also can be included with bottom optics head 112b for bottom reading. 
Excitation polarization filters 114 may include an s-polarizer S that passes only s- 
polarized light, a p-polarizer P that passes only p-polarized light, and a blank O that 
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passes substantially all light, where polarizations are measured relative to the 
beamsplitter or some other suitable reference. Excitation polarizers 1 14 also may include 
a standard or ferro-electric liquid crystal display (LCD) polarization switching system. 
Such a system may be faster than a mechanical switcher. Excitation polarizers 114 also 
may include a continuous mode LCD polarization rotator with synchronous detection to 
increase the signal-to-noise ratio in polarization assay modes. Excitation polarizers 114 
may be incorporated as an inherent component in some light sources, such as certain 
lasers, that intrinsically produce polarized light. Further aspects of the polarization filters 
and their use in polarization assay are described in the following U.S. Patent 
Applications, which are incorporated herein by reference: Serial No. 09/349,733, filed 
July 8, 1999; and Serial No. 09/629,599, filed July 31, 2000. 

Light at one or both optics heads also may pass through an excitation "confocal 
optics element," which generally comprises any mechanism for focusing light into a 
"sensed volume." In optical system 90, the confocal optics element includes a set of 
lenses 117a-c and an excitation aperture 116 placed in an image plane conjugate to the 
sensed volume, as shown in Figure 7. Aperture 116 may be implemented directly, as an 
aperture, or indirectly, as the end of a fiber optic cable. Preferred apertures have 
diameters of 1 mm and 1.5 mm. Lenses 1 17a,b project an image of aperture 116 onto the 
composition, so that only a preselected or sensed volume of the composition is 
illuminated. The area of illumination will have a diameter corresponding to the diameter 
of the excitation aperture. 
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Light traveling through the optics head is directed onto a beamsplitter 118, which 
reflects light toward a composition 120 and transmits light toward a light monitor 122. 
The reflected light passes through lens 117b, which is operatively positioned between 
beamsplitter 118 and composition 120. 

Beamsplitter 118 is used to direct excitation or incident light toward the 
composition and light monitor, and to direct light leaving the composition toward the 
detector. The beamsplitter is changeable, so that it may be optimized for different assay 
modes or compositions. In some embodiments, switching between beamsplitters may be 
performed manually, whereas in other embodiments, such switching may be performed 
automatically. Automatic switching may be performed based on direct operator 
command, or based on an analysis of the composition by the instrument. If a large 
number or variety of photoactive molecules are to be studied, the beamsplitter must be 
able to accommodate light of many wavelengths; in this case, a "50:50" beamsplitter that 
reflects half and transmits half of the incident light independent of wavelength is optimal. 
Such a beamsplitter can be used with many types of molecules, while still delivering 
considerable excitation light onto the composition, and while still transmitting 
considerable light leaving the composition to the detector. If one or a few related 
photoactive molecules are to be studied, the beamsplitter needs only to be able to 
accommodate light at a limited number of wavelengths; in this case, a "dichroic" or 
"multidichroic" beamsplitter is optimal. Such a beamsplitter can be designed with cutoff 
wavelengths for the appropriate sets of molecules and will reflect most or substantially all 
of the excitation and background light, while transmitting most or substantially all of the 
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emission light in the case of luminescence. This is possible because the beamsplitter may 
have a reflectivity and transmissivity that varies with wavelength. 

The beamsplitter more generally comprises any optical device for dividing a beam 
of light into two or more separate beams. A simple beamsplitter (such as a 50:50 
5 beamsplitter) may include a very thin sheet of glass inserted in the beam at an angle, so 
that a portion of the beam is transmitted in a first direction and a portion of the beam is 
reflected in a different second direction. A more sophisticated beamsplitter (such as a 
dichroic or multi-dichroic beamsplitter) may include other prismatic materials, such as 
fused silica or quartz, and may be coated with a metallic or dielectric layer having the 
desired transmission and reflection properties, including dichroic and multi-dichroic 
transmission and reflection properties. In some beamsplitters, two right-angle prisms are 
cemented together at their hypotenuse faces, and a suitable coating is included on one of 
the cemented faces. Further aspects of the beamsplitter are described in PCT Patent 
Application Serial No. PCT/US00/06841, filed March 15, 2000, which is incorporated 
herein by reference. 

Light monitor 122 is used to correct for fluctuations in the intensity of light 
provided by the light sources. Such corrections may be performed by reporting detected 
intensities as a ratio over corresponding times of the luminescence intensity measured by 
the detector to the excitation light intensity measured by the light monitor. The light 
monitor also can be programmed to alert the user if the light source fails. A preferred 
light monitor is a silicon photodiode with a quartz window for low autoluminescence. 
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The composition (or sample) may be held in a sample holder supported by a stage 
123. The composition can include compounds, mixtures, surfaces, solutions, emulsions, 
suspensions, cell cultures, fermentation cultures, cells, tissues, secretions, and/or 
derivatives and/or extracts thereof. Analysis of the composition may involve measuring 
the presence, concentration, or physical properties (including interactions) of a 
photoactive analyte in such a composition. Composition may refer to the contents of a 
single microplate well, or several microplate wells, depending on the assay. In some 
embodiments, such as a portable apparatus, the stage may be intrinsic to the instrument. 

The sample holder 124 generally comprises any mechanism for supporting a 
composition, and particularly a plurality of compositions, for analysis. Suitable sample 
holders include microplates, PCR plates, biochips, hybridization chambers, 
chromatography plates, microscope slides, and gel slabs, among others. These sample 
holders may include discrete sample sites 126, where distinct samples are separated using 
any suitable separation mechanism, including walls (microplates and PCR plates), 
adhesion (biochips), and/or diffusive barriers (gel slabs), among others. These sample 
holders also may include continuous sample sites, where "samples" are created by 
separately analyzing different regions of the sample holder. Preferred microplates are 
described in the following U.S. Patent Applications, which are incorporated herein by 
reference: Serial No. 08/840,553, filed April 14, 1997; Serial No. 09/156,318, filed 
September 18, 1998; and Serial No. 09/478,819, filed January 5, 2000. These microplates 
may include 96, 384, 1536, or other numbers of wells. These microplates also may 
include wells having elevated bottoms, small (< 50 jiL) volumes, and/or frustoconical 
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shapes capable of matching a sensed volume. A "standard" microplate includes 96 
cylindrical sample wells disposed in a 8 x 12 rectangular array on 9 millimeter centers. 
Preferred PCR plates may include the same (or a similar) footprint, well spacing, and 
well shape as the preferred microplates, while possessing stiffness adequate for 
automated handling and thermal stability adequate for PCR. Preferred biochips are 
described in Bob Sinclair, Everything's Great When It Sits on a Chip: A Bright Future for 
DNA Arrays . 13 THE SCIENTIST, May 24, 1999, at 18. Preferred hybridization chambers 
are described in PCT Patent Application Serial No. PCT/US99/ 16453, filed July 21, 
1999, which is incorporated herein by reference. 

The sensed volume may have an hourglass shape, with a cone angle of about 25° 
and a minimum diameter ranging between 0.1 mm and 2.0 mm. For 96-well and 3 84- well 
microplates, a preferred minimum diameter is about 1.5 mm. For 1536-well microplates, 
a preferred minimum diameter is about 1 .0 mm. The size and shape of the sample holder 
may be matched to the size and shape of the sensed volume, as described in the following 
U.S. Patent Applications, which are incorporated herein by reference: Serial 
No. 09/062,472, filed April 17, 1998; and Serial No. 09/478,81, filed January 5, 2000. 

The position of the sensed volume can be moved precisely within the composition 
to optimize the signal-to-noise and signal-to-background ratios. For example, the sensed 
volume may be moved away from walls in the sample holder to optimize signal-to-noise 
and signal-to-background ratios, reducing spurious signals that might arise from 
luminophores bound to the walls and thereby immobilized. In optical system 90, position 
in the X,Y-plane perpendicular to the optical path is controlled by moving the stage 
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supporting the composition, whereas position along the Z-axis parallel to the optical path 
is controlled by moving the optics heads using a Z-axis adjustment mechanism 130, as 
shown in Figures 5 and 6. However, any mechanism for bringing the sensed volume into 
register or alignment with the appropriate portion of the composition also may be 
employed. For example, the optics head also may be scanned in the X,Y-plane, as 
described in the following patent applications, which are incorporated herein by 
reference: U.S. Provisional Patent Application Serial No. 60/142,721, filed July 7, 1999; 
and PCT Patent Application Serial No. US00/18547, filed July 7, 2000. 

The combination of top and bottom optics permits assays to combine: (1) top 
illumination and top detection, or (2) top illumination and bottom detection, or (3) bottom 
illumination and top detection, or (4) bottom illumination and bottom detection. Same- 
side illumination and detection, (1) and (4), is referred to as "epi" and may be used for 
luminescence, epi-absorption, and/or scattering assays, among others. Opposite-side 
illumination and detection, (2) and (3), is referred to as "trans" and may be used for trans- 
absorption assays, among others. In optical system 90, epi modes are supported, so the 
excitation and emission light travel the same path in the optics head, albeit in opposite or 
anti-parallel directions. However, trans modes also can be used with additional sensors, 
as described below. In optical system 90, top and bottom optics heads move together and 
share a common focal plane. However, in other embodiments, top and bottom optics 
heads may move independently, so that each can focus independently on the same or 
different sample planes. Further aspects of top and bottom optics are described in the 
following patents and patent applications, which are incorporated herein by reference: 
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U.S. Patent No. 6,097,025, issued August 1, 2000; and PCT Patent Application Serial No. 
PCT/US99/16621, filed July 23, 1999. 

Generally, top optics can be used with any sample holder having an open top, 
whereas bottom optics can be used only with sample holders having optically transparent 
bottoms, such as glass or thin plastic bottoms. Clear bottom sample holders are 
particularly suited for measurements involving analytes and/or cells that accumulate on 
the bottom of the holder. 

Light may be transmitted by the composition in multiple directions. A portion of 
the transmitted light will follow an emission pathway to a detector. Transmitted light 
passes through lens 117c and may pass through an emission aperture 131 and/or an 
emission polarizer 132. In optical system 90, the emission aperture is placed in an image 
plane conjugate to the sensed volume and transmits light substantially exclusively from 
this sensed volume. In optical system 90, the emission apertures in the top and bottom 
optical systems are the same size as the associated excitation apertures, although other 
sizes also may be used. The emission polarizers are included only with top optics head 
112a. The emission aperture and emission polarizer are substantially similar to their 
excitation counterparts. Emission polarizer 132 may be included in detectors that 
intrinsically detect the polarization of light. 

Excitation polarizers 114 and emission polarizers 132 may be used together in 
nonpolarization assays to reject certain background signals. Luminescence from the 
sample holder and from luminescent molecules adhered to the sample holder is expected 
to be polarized, because the rotational mobility of these molecules should be hindered. 

33 



Such polarized background signals can be eliminated by "crossing" the excitation and 
emission polarizers, that is, setting the angle between their transmission axes at 90°. As 
described above, such polarized background signals also can be reduced by moving the 
sensed volume away from walls of the sample holder. To increase signal level, 
beamsplitter 118 should be optimized for reflection of one polarization and transmission 
of the other polarization. This method will work best where the luminescent molecules of 
interest emit relatively unpolarized light, as will be true for small luminescent molecules 
in solution. 

Transmitted light next passes through an emission fiber optic cable 134a,b to an 
emission optical shuttle (or switch) 136. This shuttle positions the appropriate emission 
fiber optic cable in front of the appropriate detector. In optical system 90, these 
components are substantially similar to their excitation counterparts, although other 
mechanisms also could be employed. 

Light exiting the fiber optic cable next may pass through one or more emission 
"intensity filters," which generally comprise any mechanism for reducing the intensity of 
light. Intensity refers to the amount of light per unit area per unit time. In optical system 
90, intensity is altered by emission neutral density filters 138, which absorb light 
substantially independent of its wavelength, dissipating the absorbed energy as heat. 
Emission neutral density filters 138 may include a high-density filter H that absorbs most 
incident light, a medium-density filter M that absorbs somewhat less incident light, and a 
blank O that absorbs substantially no incident light. These filters may be changed 
manually, or they may be changed automatically, for example, by using a filter wheel. 
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Intensity filters also may divert a portion of the light away from the composition without 
absorption. Examples include beam splitters, which transmit some light along one path 
and reflect other light along another path, and diffractive beam splitters (e.g., acousto- 
optic modulators), which deflect light along different paths through diffraction. Examples 
also include hot mirrors or windows that transmit light of some wavelengths and absorb 
light of other wavelengths. 

Light next may pass through an emission spectral filter 140, which may be housed 
in an emission filter wheel 142. In optical system 90, these components are substantially 
similar to their excitation counterparts, although other mechanisms also could be 
employed. Emission spectral filters block stray excitation light in photoluminescence 
assay modes, which may enter the emission path through various mechanisms, including 
reflection and scattering. If unblocked, such stray excitation light could be detected and 
misidentified as photoluminescence, decreasing the signal-to-background ratio. Emission 
spectral filters can separate photoluminescence from excitation light because 
photoluminescence has longer wavelengths than the associated excitation light. 
Luminescence typically has wavelengths between 200 and 2000 nanometers. 

The relative positions of the spectral, intensity, polarization, and other filters 
presented in this description may be varied without departing from the spirit of the 
invention. For example, filters used here in only one optical path, such as intensity filters, 
also may be used in other optical paths. In addition, filters used here in only top or 
bottom optics, such as polarization filters, may also be used in the other of top or bottom 
optics or in both top and bottom optics. The optimal positions and combinations of filters 
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for a particular experiment will depend on the assay mode and the composition, among 
other factors. 

Light last passes to a detector, which is used in absorbance, scattering and 
photoluminescence assays, among others. In optical system 90, there is one detector 144, 
which detects light from all modes. A preferred detector is a photomultiplier tube (PMT). 
Optical system 90 includes detector slots 145a-d for four detectors, although other 
numbers of detector slots and detectors also could be provided. 

More generally, detectors comprise any mechanism capable of converting energy 
from detected light into signals that may be processed by the apparatus, and by the 
processor in particular. Suitable detectors include photomultiplier tubes, photodiodes, 
avalanche photodiodes, charge-coupled devices (CCDs), and intensified CCDs, among 
others. Depending on the detector, light source, and assay mode, such detectors may be 
used in a variety of detection modes. These detection modes include (1) discrete (e.g., 
photon-counting) modes, (2) analog (e.g., current-integration) modes, and/or (3) imaging 
modes, among others, as described in PCT Patent Application Serial No. 
PCT/US99/03678. 

2. Chemiluminescence Optical System 

Figures 5, 6, and 8 show the chemiluminescence optical system of optical system 
90. Because chemiluminescence follows a chemical event rather than the absorption of 
light, the chemiluminescence optical system does not require a light source or other 
excitation optical components. Instead, the chemiluminescence optical system requires 
only selected emission optical components. In optical system 90, a separate lensless 
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chemiluminescence optical system is employed, which is optimized for maximum 
sensitivity in the detection of chemiluminescence. 

Generally, components of the chemiluminescence optical system perform the same 
functions and are subject to the same caveats and alternatives as their counterparts in the 
incident light-based optical system. The chemiluminescence optical system also can be 
used for other assay modes that do not require illumination, such as 
electrochemiluminescence. 

The chemiluminescence optical path begins with a chemiluminescent composition 
120 held in a sample holder 126. The composition and sample holder are analogous to 
those used in photoluminescence assays; however, analysis of the composition involves 
measuring the intensity of light generated by a chemiluminescence reaction within the 
composition rather than by light-induced photoluminescence. A familiar example of 
chemiluminescence is the glow of the firefly. 

Chemiluminescence light typically is transmitted from the composition in all 
directions, although most will be absorbed or reflected by the walls of the sample holder. 
A portion of the light transmitted through the top of the well is collected using a 
chemiluminescence head 150, as shown in Figure 5, and will follow a 
chemiluminescence optical pathway to a detector. The direction of light transmission 
through the chemiluminescence optical system is indicated by arrows. 

The chemiluminescence head includes a nonconfocal mechanism for transmitting 
light from a sensed volume within the composition. Detecting from a sensed volume 
reduces contributions to the chemiluminescence signal resulting from "cross talk," which 
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is pickup from neighboring wells. The nonconfocal mechanism includes a 
chemiluminescence baffle 152, which includes rugosities 153 that absorb or reflect light 
from other wells. The nonconfocal mechanism also includes a chemiluminescence 
aperture 154 that further confines detection to a sensed volume. 

Light next passes through a chemiluminescence fiber optic cable 156, which may 
be replaced by any suitable mechanism for directing light from the composition toward 
the detector. Fiber optic cable 156 is analogous to excitation and emission fiber optic 
cables 110a,b and 134a,b in the photoluminescence optical system. Fiber optic cable 156 
may include a transparent, open-ended lumen that may be filled with fluid. This lumen 
would allow the fiber optic to be used both to transmit luminescence from a microplate 
well and to dispense fluids into the microplate well. The effect of such a lumen on the 
optical properties of the fiber optic could be minimized by employing transparent fluids 
having optical indices matched to the optical index of the fiber optic. 

Light next passes through one or more chemiluminescence intensity filters, which 
generally comprise any mechanism for reducing the intensity of light. In optical system 
90, intensity is altered by chemiluminescence neutral density filters 158. Light also may 
pass through other filters, if desired. 

Light last passes to a detector, which converts light into signals that may be 
processed by the apparatus. In optical system 90, there is one chemiluminescence 
detector 160. This detector may be selected to optimize detection of blue/green light, 
which is the type most often produced in chemiluminescence. A preferred detection is a 
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photomultiplier tube, selected for high quantum efficiency and low dark count at 
chemiluminescence wavelengths (400-500 nanometers). 

3. Selected Examples 

Selected aspects of the invention also may be described as recited in the following 
numbered paragraphs: 

L A method of performing optical analysis on a composition, comprising 
positioning the composition at an examination site in a multi-mode instrument, detecting 
light transmitted from the composition using the multi-mode instrument in a first optical 
measurement mode, computing a first quantity related to a property of the composition 
using the light detected in the first optical measurement mode, comparing the quantity to 
a preselectable criterion, and if the quantity matches the preselectable criterion, detecting 
light transmitted from the composition using the multi-mode instrument in a second 
optical measurement mode, where the second mode is different than the first mode. 

2. The method of paragraph 1, where the multi-mode instrument is capable of 
detecting light in at least two optical measurement modes selected from the group 
consisting of absorption, luminescence, and scattering. 

3. The method of paragraph 1, further comprising automatically switching the 
multi-mode instrument from the first optical measurement mode to the second optical 
measurement mode. 

4. The method of paragraph 1, where one or both of the steps of detecting 
light using the first and second modes are performed simultaneously on a plurality of 
compositions for optical analysis of the plurality of compositions. 
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5. The method of paragraph 1, where one or both of the steps of detecting 
light using the first and second modes are performed successively on a plurality of 
compositions for optical analysis of the plurality of compositions. 

6. The method of paragraph 1, where the step of detecting light using the first 
5 mode is performed successively on a plurality of compositions for optical analysis of the 

plurality of compositions, and then the step of detecting light using the second mode is 
performed on some or all of the plurality of compositions. 

7. The method of paragraph 1, further comprising computing a second 
O quantity using the light detected in the second optical measurement mode, and assessing 
HD the presence or effects of a potential source of error on the first quantity using the second 

quantity. 

■:5C. 

M 8. The method of paragraph 7, where the first optical measurement mode is 

H= luminescence, and where the second optical measurement mode is selected from the 
« group consisting of absorption and scattering. 

# 9. The method of paragraph 1, where the first optical measurement mode is 

luminescence. 

10. The method of paragraph 9, where the second optical measurement mode is 
scattering. 

11. The method of paragraph 10, further comprising assessing the presence or 
20 effects of turbidity on the first quantity using the light detected in the second optical 

measurement mode. 
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12. The method of paragraph 9, where the second optical measurement mode is 
absorption. 

13. The method of paragraph 12, further comprising assessing the presence or 
effects of color quenching and/or a contaminant on the first quantity using the light 
detected in the second optical measurement mode. 

14. The method of paragraph 1, where the first quantity is selected from the 
group consisting of absorbance, chemiluminescence intensity, photoluminescence 
intensity, photoluminescence energy transfer, photoluminescence lifetime, and 
photoluminescence polarization. 

15. The method of paragraph 1, where the property of the composition is the 
presence or activity of a component of the composition. 

16. The method of paragraph 1, further comprising detecting light transmitted 
from the composition using the multi-mode instrument in a third optical measurement 
mode, where the third mode is different than the first and second modes. 

17. The method of paragraph 1, further comprising repeating the step of 
detecting light using the first mode based on an outcome of the step of detecting light 
using the second mode. 

Although the invention has been disclosed in its preferred forms, the specific 
embodiments thereof as disclosed and illustrated herein are not to be considered in a 
limiting sense, because numerous variations are possible. For example, an absorbance 
assay may be combined with a SPA assay or a luminescence assay to look for strong 
absorbance at any wavelength relative to a cohort group to detect false positives due to 
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quenching. Applicants regard the subject matter of their invention to include all novel and 
non-obvious combinations and subcombinations of the various elements, features, 
functions, and/or properties disclosed herein. No single feature, function, element, or 
property of the disclosed embodiments is essential. The following claims define certain 
combinations and subcombinations of features, functions, elements, and/or properties that 
are regarded as novel and nonobvious. Other combinations and subcombinations may be 
claimed through amendment of the present claims or presentation of new claims in this or 
a related application. Such claims, whether they are broader, narrower, or equal in scope 
to the original claims, also are regarded as included within the subject matter of 
applicant's invention. 
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WE CLAIM: 



1 . A method of performing optical analysis on a composition, comprising: 
positioning the composition at an examination site in a multi-mode instrument; 
detecting light transmitted from the composition using the multi-mode instrument 

in a first optical measurement mode; 

detecting light transmitted from the composition using the multi-mode instrument 
in a second optical measurement mode, where the second mode is different than the first 
mode; and 

computing a first quantity related to a property of the composition using the light 
detected in at least one of the optical measurement modes. 

2. The method of claim 1, where the multi-mode instrument is capable of 
detecting light in at least two optical measurement modes selected from the group 
consisting of absorption, luminescence, and scattering. 

3. The method of claim 1, where the steps of detecting light using the first and 
second optical modes are performed sequentially. 
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4. The method of claim 3, further comprising automatically switching the 
multi-mode instrument from the first optical measurement mode to the second optical 
measurement mode. 

5. The method of claim 1, where the steps of detecting light using the first and 
second optical modes are performed simultaneously. 

6. The method of claim 1, where one or both of the steps of detecting light 
using the first and second modes are performed simultaneously on a plurality of 
compositions for optical analysis of the plurality of compositions. 

7. The method of claim 1, where one or both of the steps of detecting light 
using the first and second modes are performed successively on a plurality of 
compositions for optical analysis of the plurality of compositions. 
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8. The method of claim 1, where the step of detecting light using the first 
mode is performed successively on a plurality of compositions for optical analysis of the 
plurality of compositions, and then the step of detecting light using the second mode is 
performed on some or all of the plurality of compositions. 

9. The method of claim 1, the first quantity being computed using the light 
detected in the first optical measurement mode, further comprising: 

computing a second quantity using the light detected in the second optical 

measurement mode; and 

assessing the presence or effects of a potential source of error on the first quantity 

using the second quantity. 

10. The method of claim 9, where the first optical measurement mode is 
luminescence, and where the second optical measurement mode is selected from the 
group consisting of absorption and scattering. 
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11. The method of claim 1, where the first optical measurement mode is 
luminescence. 

12. The method of claim 11, where the second optical measurement mode is 
scattering. 

13. The method of claim 12, further comprising assessing the presence or 
effects of turbidity on the first quantity using the light detected in the second optical 
measurement mode. 

14. The method of claim 11, where the second optical measurement mode is 
absorption. 

15. The method of claim 14, further comprising assessing the presence or 
effects of color quenching and/or a contaminant on the first quantity using the light 
detected in the second optical measurement mode. 



46 



16. The method of claim 1, where the first quantity is selected from the group 
consisting of absorbance, chemiluminescence intensity, photoluminescence intensity, 
photoluminescence energy transfer, photoluminescence lifetime, and photoluminescence 
polarization. 

17. The method of claim 1, where the property of the composition is the 
presence or activity of a component of the composition. 

18. The method of claim 1, further comprising detecting light transmitted from 
the composition using the multi-mode instrument in a third optical measurement mode, 
where the third mode is different than the first and second modes. 

19. The method of claim 1, further comprising determining to perform the step 
of detecting light using the second mode based on an outcome of the step of detecting 
light using the first mode. 
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20. The method of claim 1, further comprising repeating the step of detecting 
light using the first mode based on an outcome of the step of detecting light using the 
second mode. 

21 . A method of performing optical analysis on a composition, comprising: 
positioning the composition at an examination site in a multi-mode instrument; 
detecting light transmitted from the composition using the multi-mode instrument 

in a first optical measurement mode; 

computing a first quantity related to a property of the composition using the light 
detected in the first optical measurement mode; 

comparing the quantity to a preselectable criterion; and 

if the quantity matches the preselectable criterion, detecting light transmitted from 
the composition using the multi-mode instrument in a second optical measurement mode, 
where the second mode is different than the first mode. 



48 



22. The method of claim 21, where the preselectable criterion is a set of 
acceptable values for the first quantity, so that light transmitted from the composition is 
detected using the second mode if the first quantity is an acceptable value. 

5 

23. The method of claim 21, where the preselectable criterion is a set of 
unacceptable values for the first quantity, so that light transmitted from the composition 
is detected using the second mode if the first quantity is an unacceptable value. 

24. The method of claim 2 1 , further comprising: 

computing a second quantity related to a property of the composition using the 
light detected in the second optical measurement mode; and 
5 assessing the presence or effects of a potential source of error on the first quantity 

15 using the second quantity. 
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25. A system for performing optical analysis on a composition, comprising: 

a multi-mode instrument that is capable of detecting light from a composition in 
first and second optical measurement modes, where the first mode is different than the 
second mode; and 

a processor that uses measurements from more than one optical measurement 
mode to compute a quantity relating to a characteristic of the composition. 

26. The system of claim 25, where the multi-mode instrument includes a light 
source, a detector, an examination site, and an optical relay structure positioned to 
transmit light from the light source to a composition at the examination site, and from the 
composition to the detector. 
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Abstract 

Apparatus and methods for combining multiple modes and methods of optical 
detection, postprocessing, and/or feedback loops in bioanalytical measurements. 
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